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INTRODUCTION
The study of nanometer-sized structures formed by self-organization of functional dyes in order to form molecular materials is an important goal nowadays in chemistry. [1] [2] [3] [4] Phthalocyanines (Pcs) are flat aromatic macrocycles known as one of the best synthetic porphyrine analogues. [5] [6] [7] [8] Due to their excellent electronic and optical properties, Pcs are one the most commonly used chromophores, finding applications ranging from photovoltaic devices [9] [10] [11] to non-linear optics [12] [13] . The extended flat hydrophobic aromatic surface of Pcs can interact with each other by attractive  stacking interactions (or solvophobic effect) leading to aggregation into columnar structures in solution. [14] [15] [16] [17] [18] Mimicking biological functions using organized synthetic dyes into supramolecular polymers in aqueous solution is a challenging area for biomimetic and biomedical chemistry. [19] [20] Phthalocyanines can behave as photosensitizers, generating the highly reactive singlet oxygen leading to cell death, thus they are suitable to be used on photodynamic therapy (PDT), when properly substituted to improve their solubility in water. [21] Saccharides are also involved in several biological processes, including selective recognition processes triggered by interaction with receptors. [22] [23] However, the interaction of only one or a few saccharides with their corresponding receptors is usually not strong enough. In this context, several covalent architectures endowed with multiple saccharides have been synthetized in order to create a multivalency effect, enhancing dramatically the interaction between the drug and the receptor. [24] [25] [26] The presence of saccharides at the periphery of the phthalocyanines enhances their solubility in water and it could as well increase the interaction with the membranes and improve tumor selectivity. [27] Unfortunaltely, the design of such multivalent systems is still complicated due to the lack of information about the location of the saccharides with respect to the receptors at the cell surface, and the absence of flexibility of the covalent multivalent systems to adapt their structure to the receptors localization. [24] Recently, supramolecular polymers have demostrated to have dynamic and adaptative nature in multivalent systems in water. [28] [29] Therefore, the possibility of endowing a dynamic, well-defined scaffold, such as a supramolecular polymer based on phthalocyanines, with multiple carbohydrates opens the door to a new type of drugs. Moreover, recently it has been observed that the cell adhesion in the supramolecular hydrogels depends on the handedness of the self-assembled nanofibers. [30] [31] The synthesis and tendency to aggregate in water of an α-D-glucose functionalized Pc was described in the literature by Hanack and coworkers. [32] [33] Moreover, excellent triplet quantum yield (0.68) and singlet oxygen quantum yield (0.67) were found for this phthalocyanine in DMSO as a first step for its use in PDT. [34] However, the dynamic nature, the size, and the chirality of those aggregates have been never studied before.
Herein, we study the self-assembly of α-D-glucose functionalized phthalocyanines into supramolecular chiral polymers in water by UV-vis, circular dichroism (CD) and diffusion-ordered 1 H-NMR spectroscopy (DOSY) spectroscopies, in order to determine the structural features and the stability of the agreggates. Methods: CD measurements were performed on a Jasco J-815 spectropolarimeter where the sensitivity, time constant and scan rate were chosen appropriately. Corresponding temperature dependent measurements were performed with a Jasco PTC-348WI Peltier-type temperature controller, with a temperature range of 263-383 K and adjustable temperature slope. Ultraviolet-visible (UV-vis) absorbance spectra were recorded on and a Jasco V-650 UV-vis spectrometer with a Jasco ETCT-762 temperature controller. Solutions were prepared by weighing in the necessary amount of compound for a given concentration, where after this amount was transferred to a volumetric flask (flasks of 10, 25 and 50 mL were employed). Then the flask was filled for 3/4 with the spectroscopic grade solvent and put in an oscillation bath at 40 °C for 45 min, where after the flask was allowed to cool down and filled up to its meniscus. The  value was calculated from Δε = CD effect/(32980cl) in which c is the concentration in mol/L and l is the optical path length in cm. UV-Vis and CD measurements were performed using quartz cuvettes (1 mm). 1 H-NMR Diffusion measurements (DOSY) were carried out at 298 K on Varian Mercury Vx 500 MHz. The ledbpgp2s pulse sequence was selected for the DOSY NMR by using gradients varied linearly from 5% up to 95% in 32 steps, with 16 scans per step. Chemical shifts are given in ppm (δ) values relative to residual solvent or tetramethylsilane (TMS).
DOSY experiments with compound 1 in 5 were carried out at 5mM concentration.
The model used to calculate the hydrodynamic radii of the aggregates is the Stokes-Einstein relation [35] for the diffusion of a spherical particle: Moreover, concentration-dependent experiments were again carried out observing, as by UV spectroscopy, no changes in the aggregation degree ( Figure 3 ). In order to have a better understanding of the stability of these Pc aggregates, specific interactions like metal-ligand coordination were used to shift the equilibrium to the formation of the monomer using pyridine (Py) as a zinc ligand. A clear shift of the absorption Q-band from 645 nm (aggregated) to 686 nm (molecularly dissolved) was only observed by UV-vis after a very large excess of Py was added (Figure 3a) , whereas in the CD spectra a completely loss of Cotton effect was observed, confirming the disruption of the helical columnar aggregates. A sharp transition was observed when adding Py to the aggregated Pc, indicating the probable cooperative polymerization mechanism [36] of the Pc monomers in water (Figure 3b ), which points to the formation of aggregates larger than dimers. Finally, the equilibrium was shifted back to the formation of the stacks by dilution of the system. A 10 -4 M solution of molecularly dissolved Pc in water and 81% of Py was diluted with water and monitored by UV-vis and CD (Figure 3a, b) . The fully aggregated state was reached after diluting the system only ten times as a consequence of the high stability of these aggregates in water. 
CONCLUSIONS
The self-assembly in water of α-D-Glucose octafunctionalized phtalocyanine (Pc) has been meticulously investigated. The nature of the aggregates has been assessed by different techniques, observing the formation of stable one-dimensional helical columnar aggregates by π-π stacking of the hydrophobic cores, whose helicity is biased by the chirality of glucose substituents. The formation of dynamic helical supramolecular polymers in water decorated with saccharides at the periphery together with the excellent singlet oxygen quantum yields shown by Pc [34] can potencially result in a new, and specific multivalent system for PDI treatment.
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